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During the “AZORES I” cruise carried out between 27 July and 27 August 1998 on board R/V Hesperides, three large(scale sections were occupied across the Azores Current (20(21º, 27(28º and 31(32ºW), and three additional mesoscale transects were also performed. Total inorganic carbon, pH and alkalinity were measured in the full water column profiles.  pH was measured in all stations, total inorganic carbon was determined in all deep stations and alkalinity was analysed in the deep stations and in those shallow stations when the cast was performed next to the deep one.

TOTAL INORGANIC CARBON.

Sampling   

Samples for CT were collected from Niskin bottles in 300-mL borosilicate bottles, just after the oxygen samples, following the protocol described in the ‘DOE CO2 Analysis Handbook’. At the start of the cruise a test was carried out to see the differences in CT between surface replicate samples analysed immediately after been collected and 24 h latter. Differences (1 µmol kg-1) in CT were not significant larger than the error of the method. Thus, water samples were not preserved with mercuric chloride. In any case, most of the samples were analysed in a period not longer than 6 hours after collection.

Total Inorganic Carbon (CT) Analysis

Dissolved total inorganic carbon (CT = (CO2( +(HCO3-( + (CO32-() was determined by the coulometric method described in Johnson et al (1993), following the recommendations of the JGOFS protocol (June, 1994). CT was measured after acidification of the seawater samples with phosphoric acid 8.5% (to convert HCO3- and CO32- to CO2). Gas extraction was performed with a SOMMA (Single Operator Multiparameter Metabolic Analyser). CO2 was carried by a free-CO2 gas (N2) to a coulometric cell, where it was quantitatively absorbed after reacting with methanolamine. 

Precision and Accuracy of the CT Measurements  

Surface and deep replicate bottles were collected at each station. The precision of these replicates range between <0.5 and 1 µmol kg-1. A quality control was carried out at station 3P. Twelve Niskin bottles were closed at 1000 m and another twelve at 100 m, to check the precision in replicate samples from a same Niskin bottle and from different Niskin bottles closed at the same depth. In this experiment, the precision in replicates from the different groups of bottles ranged between 0.2 and 0.3 µmol kg-1. 

Each 20-30 samples regular calibrations were performed with Certified Reference Material of CO2 supplied by Andrew Dickson (Univ. California), to check for the accuracy of the measurements. Overall, 72 CRM bottles were analysed. The certified precision for these bottles was 1 µmol kg-1. Our CRM titrations yield different values depending on the coulometric cell used. For cells 2 and 3 the absolute values differed 0.9 and 1.4 µmol kg-1 from the CRM, with a precision of 1.6 and 1.1 µmol kg-1, respectively. Cell 1, however, showed higher absolute differences (between 2 and 4 µmol kg-1) with a precision of 1.3 µmol kg-1. The latter cell was only used in two stations, and absolute values can be easily corrected. In any case, final values need still to be corrected with salinity values obtained from the CTD.

SPECTROPHOTOMETRIC pH.

The pH was measured spectrophotometrically following Clayton and Byrne (1993). Roughly, this method consists on adding a dye solution to the seawater sample, so that the ratio between two absorbances at two different wavelengths is proportional to the sample pH. 

Sampling and analytical methods.

Seawater samples for pH were collected after oxygen samples from depth using cylindrical optical glass 10 cm pathlength cells which were filled to overflowing and immediately stoppered. Seawater pH was measured using a double-wavelength spectrophotometric procedure (Byrne, 1987). The indicator was a 1mM solution of Kodak m-cresol purple sodium salt (C21H17O5Na) prepared in deionized water with a 20% of ethanol content, the absorbance ratio of the concentrated indicator solutions (R=A578/A434) varied between 0.8 and 1. 

After sampling all the samples were stabilised at 25 (C, the temperature in the sample cell was monitored with a platinum resistance Pt-probe; all the absorbance measurements were obtained in the thermostated (25 ( 0.5) cell compartment of a Cecil 3041 spectrophotometer.

After blanking with the sampled seawater without dye, 100 l of the dye solution were added to each sample using an adjustable repeater pipette calibrated before coming to the cruise. The absorbance was measured at three different fixed wavelengths (434, 578 and 730 nm), pH, on the total hydrogen ion concentration scale, is calculated using the following formula (Clayton and Byrne, 1993):

pHt=1245.69/T + 3.8275 +(2.11.10-3)(35-S) + log((R-0.0069)/(2.222-R*0.133))

where R is the absorbance ratio (R=A578/A434), T is temperature in Kelvin scale and S is salinity. As the injection of indicator perturbs the sample pH slightly.

6.5.2. Calibrations and corrections.

At each station, pH of seawater substandard (pHsss) was measured before and after each series of samples. The seawater substandard is a “quasi-steady” surface seawater taken from the non-toxic supply and stored in the dark into a large container (25 litres) during 2 days before use. Likewise, in order to check the procedure followed during the pH determinations, samples of CO2 reference material (CRM) were analysed during the cruise. 


ALKALINITY  MEASUREMENTS

Sampling and analytical method


Following the sampling sequence proposed by WOCE, seawater samples for alkalinity were collected after TIC samples, in 600 ml glass bottles. Samples were filled to overflowing and immediately stoppered.


Total alkalinity was measured using an automatic potentiometric titrator "Titrino Metrohm", with a Metrohm 6.0233.100 combination glass electrode and a Pt-100 probe to check the temperature. Potentiometric titrations were carried out with hydrochloric acid ([HCl = 0.1) to a final pH of 4.44 and 4.40 (Pérez and Fraga, 1987b). The electrodes were standardised using a buffer of pH 4.395 at 25ºC made in CO2 free seawater (Pérez et al. Submitted). Concentrations are given in µmol/kg-sw. 


Surface seawater stored in 25 litres plastic container was used as alkalinity “quasi-steady” seawater substandard. This seawater substandard was analysed, at the beginning and the end of each batch of samples. Determinations of alkalinity on CO2 Reference Material (CRM) were made during the cruise to verify the alkalinity analyses. 

Precision and accuracy of the measurements


Quality control was performed during the cruise in cast 25 (station 9) where two sets of 6 oceanographic bottles were closed at the same depth: 101 and 1000 meters, respectively. Practically the same standard deviation was obtained for the samples taken at two levels but at different Niskin bottles (Table I). Considering samples taken from the same bottle at the level of 1000 m the average and standard deviation values obtained are practically the same, as those obtained from samples collected at different bottles fired at the same level. However, at the 101 m level, the results are slightly different. This fact can be attributed to the low water volume left in the Niskin bottles when alkalinity samples were taken.

Table I. Summary of reproducibility on alkalinity measurements (cast 25).

	Samples taken at different Niskin bottles
	Samples taken at the same Niskin bottle

	N
	Depth(m)
	Average
	STD
	CV%
	N
	Depth(m)
	Average
	STD
	CV%

	6
	101
	2409.5
	0.9
	0.04
	4
	101
	2410.4
	1.8
	0.07

	6
	1000
	2337.4
	0.7
	0.03
	7
	1000
	2337.3
	0.8
	0.03


(CV%= STD·100/Average)

The accuracy and consistency of our measurements were checked by determinations of alkalinity on samples of CRM of batch 43. A total of 74 CRM samples analyses yielded an average value of 2202.9±1.7 µmol/kg coincident with the certified value. A total of 1045 samples of alkalinity were analysed. The average absolute difference of 445 replicates was 1.8 µmol/kg. The 95% of these differences were below 4 µmol/kg. 
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